obtained from stationary, illuminated, liquid cultures incubated at 30 "C for 8 to 9 d, when the organism was at the end of its exponential phase of growth. One litre Erlenmeyer flasks containing'100 ml minimal liquid medium were inoculated with 2 ml of macerated plate culture. The minimal medium contained (per litre): glucose, 20.0 g; L-asparagine, 1.5 g; KH2P04, 1.0 g; MgS0,.7H,O, 0.5 g; FeC1,.6Hz0, 5-0 mg; H3B03, 0.06 mg; (NH,),Mo,O,, . 4H20, 0.04 mg; CuSO,. 5H20, 0.2 mg; ZnS0,. 7Hz0, 2.0 mg; MnSO, . 4Hz0, 0.1 mg; CoCl,. 6Hz0, 0.4 mg; Ca(N03),.4H,0, 1-2 mg; thiamin hydrochloride, 120 pg. Fruit bodies were obtained by inoculating boxes of commercial mushroom compost with the dikaryon strain as described previously (Blayney & Marchant, 1977) . Fruit bodies were harvested at stages I11 or IV (Borriss, 1934) and the stipes removed. Isolation of wall material from the stipes was carried out in the same way as for the hyphal material. Attempts to obtain fruit bodies on defined medium, as suggested by Casselton & Casselton (1966) , were unsuccessful.
Isolation of wall material. Material was first disrupted in an X-Press (Biotec, Stockholm, Sweden), then washed three times in 0.05 M-Sorensen's buffer (Tris/HCl) pH 7.0. The wall material was collected each time by centrifugation at 40009. It was further washed three times in 0.05 M-McIlvaine's buffer (KH2P0,/ NaOH) pH 5-5, once in water, once in absolute ethanol/petroleum ether (b.p. 60 to 80 "C) (1 : 1 , v/v), once in petroleum ether (b.p. 60 to 80 "C) and finally in water before being freeze-dried. The total breakage of hyphae and absence of cytoplasmic contamination was confirmed by light and electron microscopy.
Alkali extraction of wall material. Weighed amounts of dry wall material (300 to 400 mg) were incubated for 16 h in 30 m15 % (w/v) KOH at 25 "C. Residual material was thoroughly washed by centrifugation with water and 20 % (v/v) acetic acid, and the washings were combined. The alkali-resistant material (R-fraction) was dried to constant weight at 37 "C. The supernatant was adjusted to pH 5.0 with acetic acid and any precipitate (S-fraction) was collected, dried and weighed. The remaining supernatant was made up to a known volume and retained for chemical analyses.
Chemicaldeterminations. Total hexose content of whole walls and fractions was determined by the anthrone method (Fairbairn, 1953) , using glucose as standard and correcting the values for polymerization. Total pentose content was estimated using the cysteine reaction (Dische, 1955) , with xylose as standard and correcting the values for polymerization. Chitin was determined by the method of Roseman & Daffner (1956) , after hydrolysing the material for 6 h at 100 "C in 3 M-HC~. Crab chitin (Sigma) was hydrolysed under identical conditions and used as a standard. Protein was estimated by the method of Lowry et al. (1951) , using bovine serum albumin as standard.
Chromatography. The sugar compositions of whole walls and wall fractions were determined by hydrolysing 10 mg material for 6 h at 100 "C in 3 ml 1 M-HCl. After removal of the excess acid under vacuum, the sugars were taken up in water and separated by either thin-layer chromatography or paper chromatography. Thin-layer chromatography was done on 150 pm thick layers of Kieselguhr G buffered with 0.02 M-sodium acetate, activated at 100 "C for 30 min. The plates were run in ethyl acetate/2-propanol/water (65:23.5:11.5, by vol.), sprayed with anisaldehyde/sulphuric acid reagent [9 ml 95 % (v/v) ethanol, 0.5 ml concentrated H2S04 and 0-5 ml anisaldehyde] and developed at 100 "C. Paper chromatography was done on Whatman no. 1 paper using ethyl acetate/acetic acid/water (700:150:150, by vol.) as solvent for 16 h. After drying, the chromatograms were sprayed with aniline/diphenylamine reagent [l % (v/v) aniline in a solution of 1CA (w/v) diphenylamine in acetone/65 % (w/v) H3P04 (90:10, by vol.)] and heated at 100 "C for 5 min.
R E S U L T S

Wall composit ion
The alkali-resistant fraction (R-fraction) of the four wall samples represented approximately 70% of the whole wall: monokaryon ~9 , 68.6% (w/w); monokaryon T C~, 65.5% (w/w); dikaryon vegetative phase, 72.5% (w/w); and stipes, 64.7% (w/w). Only in the monokaryons was any of the material removed by the alkali treatment subsequently reprecipitated by pH adjustment (S-fraction). In monokaryon ~9 this represented 10.1 yo (w/w) of the wall while in monokaryon T C~ it was 5.3 yo (w/w) of the wall.
The composition of the isolated walls and wall fractions from the four samples is given in Table 1 . The determinations were carried out at least four times on each of two separately grown batches of wall material to give the mean values shown. The most striking feature of the whole wall compositions was the variation in chitin content, which was balanced by changes in the hexose composition. The monokaryon walls contained 33.4 and 26.8 % (w/w) chitin, together with a small percentage of pentose in one case. In the vegetative dikaryon, the chitin content fell to 10.1 yo (w/w) with no pentose present and the hexose content rose accordingly. In the stipes of the same dikaryon strain, the chitin content was again high (43.3 yo, w/w). The analyses of the alkali-resistant R-fraction of these walls indicated that hexose and protein were the components largely removed from whole walls by alkali treatment, although in the monokaryon strains some glucosamine was also removed in the S-fraction. Although the S-fraction represented only a small proportion of the total wall in the monokaryons, it was completely absent from the other wall samples. The alkali-soluble residue of each of the wall samples was mainly composed of hexose and protein, with a small amount of pentose in one monokaryon. Sugar components of the walls Chromatography of hydrolysates of the whole walls and wall fractions of each of the samples indicated major differences in their compositions. The whole walls of the monokaryon ~9 contained glucose, mannose, ribose, xylose and rhamnose. Glucose was present in greatest quantity, with a smaller amount of mannose, less xylose and ribose, and a trace of rhamnose. The R-fraction of this monokaryon contained glucose in large quantity and traces of xylose and rhamnose. The S-fraction contained each of the five sugars detected, with glucose and mannose present in equivalent amounts and low levels of the other three sugars. Chromatography of hydrolysates of the monokaryon TC4 revealed only glucose.
The two dikaryon samples both showed only glucose in the hydrolysates of whole walls and R-fractions. Chromatography of the alkali-soluble residues, without acid hydrolysis, indicated that single sugar residues or small oligosaccharides were absent in each case.
D I S C U S S I O N
Although changes in wall composition associated with dimorphic forms of fungi have been investigated extensively, no effort has so far been made to determine if there are any similar changes associated with the developmental phases of basidiomycete fungi as they pass from the monokaryotic to dikaryotic phase before finally producing large fruiting structures. The work of Wessels and his group seems to indicate that there are no dramatic changes in wall composition associated with fruiting in S. commune, except in the production of thick-walled hyphae. Only one other basidiomycete has received extensive examination of the type to which S. commune has been subjected: this is C. cinereus (often misnamed C. lagopus). Frey (1950) showed the presence of chitin in the walls of Coprinus by X-ray diffraction methods, and Schaefer (1977) has isolated an alkali-soluble P-glucan from the wall, but apart from this there is no information on the wall structure.
The present study has shown that large differences occur in the composition of the walls at different stages. The values of 33-4 and 26.8% chitin in the walls of the monokaryons compare favourably with the values for other basidiomycetes quoted by O'Brien & Ralph (1966) . It is difficult, however, to be certain of the values given by O'Brien & Ralph since they did not give details of the strains used, and their value for the chitin content of S. commune is widely different from that of Wessels (1965) . Gooday (1977) has also shown that chitin synthesis occurs rapidly in developing stipes of C. cinereus which may account for the high chitin levels observed. It is unfortunate that the dikaryon could not be induced to fruit on defined medium; however, the value for chitin content of the stipes is still valuable for comparison. The anomalous chitin content value is in the secondary mycelial phase where it falls to 10.1 %. In most basidiomycetes the extension growth of the dikaryon is more rapid than that of the monokaryon (see, for example, Kaufert, 1936) . This phenomenon is most easily seen when carrying out a mating of two monokaryons on a plate. The synthesis of the glucan and chitin components of the wall may not therefore be rigidly integrated, and under conditions of rapid vegetative hyphal extension growth, glucan synthesis may be relatively more rapid than chitin synthesis. When fruit bodies are initiated, extension growth in the initial becomes less rapid and the hyphae become extensively branched in the region which will become the stipe (van der Valk & Marchant, 1978) . This slowing of tip extension growth may contribute to the increase in the chitin content of the stipes.
There are other differences between the monokaryon and dikaryon strains, despite the fact that the monokaryon strains are the parents of thedikaryon. The four samples all appear to have the alkali-soluble (1+3)-linked P-glucan with (l+6)-linked branch points on 14 yo of the residues, as described by Schaefer (1977) , but the monokaryons have a mixed fraction forming about 10 yo of the wall which can be reprecipitated from the alkali-soluble fraction in the same way that the S-fraction of S. commune can be precipitated. The S-fraction of S. commune is an almost pure a-linked glucan (Wessels et al., 1972) and thus differs markedly from the S-fraction of at least strain ~9 of C. cinereus. The dikaryon samples totally lacked this S-fraction. The variations in protein content of the wall samples are difficult to relate to development or structure, but the values are somewhat less than those observed by Michalenko et al. (1976) for Agaricus bisporus.
These results emphasize the magnitude of the changes which accompany fruiting in basidiomycetes and also the care which must be exercised in defining the stage of the organism with which one is working. I wish to thank Mrs S. McMullan for her invaluable technical assistance. 
R E F E R E N C E S
